The article introduces issues concerning the implementation of key performance indicators (KPIs) dedicated to the TSL (Transport-Shipping-Logistics) branch. The KPIs are used in different modules of the ERP (Enterprise resource planning) information systems, which support strategic decision making. Selected indicators have been used to create four perspectives of Balanced Scorecard in accordance with Balanced Scorecard methodology. Using the multi-factor method of DEMATEL (Decision Making Trial and Evaluation Laboratory) analysis, the evaluation of indicators and Balanced Scorecard's perspectives has been performed. This article can be useful to persons interested in the implementation of modern solutions in ERP applications dedicated to the TSL branch. Presented article can be useful to persons from upper management of TSL companies who are interested in modern methods of supporting strategic management and for IT system developers who are considering expanding modules of ERP software solutions dedicated to TSL industry which support strategic management and decision making.
INTRODUCTION
Most companies use key performance indicators (KPI) to analyse current operations. They are often included in the modules of ERP systems, which support managerial staff in strategic decisionmaking processes. In companies, data used to determine the values of selected indicators are automatically loaded directly from the information systems. This allows to conduct practical and effective analysis of the company's situation based on real-time data and to measure the degree of fulfillment of company's goals. KPI indicators are commonly used to create Balanced Scorecards according to the Balanced Scorecard methodology [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . As a result, companies can make real data analyses of the degree of their development and fulfillment of adopted operating strategies.
Together with the constant increase in the complexity of logistic processes, there is a need to develop methods which support correct decision making within the scope of monitoring of the condition of the company and management of the companies from the TSL industry. A large number of available KPI parameters and their differentiated importance on the proper course of transportshipping-logistic processes impose on upper management the dilemma of making decisions while considering a series of variable factors. Thus, problems arise in companies regarding which factors and to what degree should they be taken into consideration. One of the methods that support solving this subject is the multi-factor analysis DEMATEL method [15] [16] [17] [18] [19] [20] [21] , which allows effective analysis of relations between the indicators, which were used to build the Balanced Scorecard.
Increased interest of researchers in DEMATEL methodology could be observed since the early 1990s, when the method was first recognized as an expert tool for multi-attribute analysis of complex problems. In that period, the yearly number of publications dedicated to this subject matter amounted to about 30 titles, whereas in 2008 the number came close to 100 a year, and in 2014 it reached over 650 a year [22] . BSC [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and DEMATEL [15] [16] [17] [18] [19] [20] [21] methodologies are relatively numerous in literature. Most of the elaborations do not, however, concern simultaneous implementations of both of 28 W. Torbacki these methods. Descriptions of comprehensive solutions, which include both methods and their practical implementation in TSL industry, are even more seldom.
An example relating to this last group is the elaboration by Apak S. et al. [23] , who analysed BSC perspectives in connection with DEMATEL methodology with respect to logistic companies. Within the scope of a methodology closely related to BSC methodology, He and Cheng [24] performed the analysis of key influence factors in city logistics using fuzzy DEMATEL. Similar approach was also presented by Mavi et al. [25] . There are research papers [2] in which indicators used to evaluate different areas of a company (for example with the use of BSC) have a descriptive character. It is difficult, however, to use a mathematical model in such a case, and thus it is not possible, in ERP systems, to automatically assign values to these parameters based on operational data contained in IT systems.
A comprehensive approach to integrating the three, BSC and DEMATEL methodologies as well as KPI assessment, and their application in IT systems represents a gap in the research in the area of practical use of KPI indicators, which are fed directly from ERP class systems dedicated to the TSL industry.
The value of this study comes from the fact that there are too few number of research examples in the literature which consider integrating BSC, DEMATEL in connection with ERP class systems for the TSL industry.
To this effect, a chain of methods and measures are applied and presented in this article, which include the determination of KPI, creation of the Balanced Scorecard and Balanced Scorecard perspectives, performance of analysis with the use of DEMATEL technology, and the use of databases contained in ERP systems, that supply companies with a powerful support mechanism in their strategic decision-making processes.
DEMATEL METHODOLOGY
Below described are the main stages of DEMATEL methodology. At the start, a list of parameters, which will undergo the analysis, must be made. Indicators in the form of analytical formulas are preferred to descriptive forms. The analytical form of an indicator allows direct use of data collected from ERP systems. In the next step, with the use of any arbitrary method, the level of influence (for example on a 0-4 scale) of each criterion on all other criteria separately must be determined resulting in the creation of initial direct influence matrix Z. In the next step, with the use of any method, the level of mutual influence of all criteria pairs must be determined, and the initial direct influence matrix Z must be created. It is assumed that each criterion may directly influence other criteria, but it cannot influence itself. In fact, based on expert suggestions, expert systems or numerical methods, a cluster of initial direct influence matrices is derived. Each individual matrix is created as an end effect of work assessment of a single expert or a numerical method. In effect, superposition of matrices creates the final form of the initial direct influence matrix Z.
The initial direct influence matrix Z is derived according to the following formula:
In the next step, a normalized direct influence matrix X is determined, in which, all parameters assume a value within range [0,1]. 
In the next step, a matrix of total relations T is derived:
where I is the identity matrix. In T = [t ij ] matrix, sums of individual rows are calculated (R i )which mirror the sum of indirect and direct i influences criteria on other criteria (equation 5) and sums of all (D j ) columnswhich show the sum of direct and indirect influences the j criterion receives from other criteria (equation 6).
Next a R i -D irelation indicatoris determined, which is also called a net influence and a R i +D iposition indicatorwhich is also called an overall influence.
If i=j then the value R i +D i indicates the sum of criteria values, which both, influence the other criteria, and are under the influence of other criteria. Value R i -D i > 0 means that the i criterion, influences other criteria and the entire system as well. Value R i -D i < 0 means that other criteria influence the i criterion, hence the i criterion, is not a source of influence on remaining criteria in the system. Taking into consideration above position and relation indicators, a casual diagram can be created in a (R i +D i , R i -D i ) layout. When analyzing the values of R i +D i and R i -D i indicators, the DEMATEL technique identifies the degree of interdependence of criteria on one hand, and on the other hand, it determines these criteria which influence other criteria, as well as criteria, which depend more on other criteria, and which are the recipients of influence of other criteria.
BALANCED SCORECARD FOR THE TSL BRANCH
The Balanced Scorecard concept was created by Robert S. Kaplan and David P. Norton [7] [8] [9] [10] . This methodology is often used in companies in the area of management processes. When correctly implemented in ERP class systems, it brings measurable financial profits. BSC allows to transform an abstract vision of company development into real strategies as well as with the use of several KPI indicators to measure the effectiveness of their implementation. BSC methodology can contain any number of indicators, both current and forecasting. They are always grouped in four, connected with each other BSC perspectives (financial, processes, customers and growth).
The financial perspective analyses the state of finances of an entire company. Processes' perspective suggests most effective actions. Customers' perspective determines the sources of current market standing and analyses the level of clients' satisfaction. Growth perspective determines the readiness of the company to introduce innovative changes.
Traditional methods of strategic management are based on the analysis of current and historical data. BSC concentrates on achieving established objectives in the future and allows measuring of "non-material" activities in the company, in order to plan its development. From the perspective of BSC, it is important to develop a set of KPI indicators which match company's individual situation. When developing suggested [26] set of 12 indicators for the logistics industry, 16 criteria presented in Table 1 have been adopted for further analysis. Clearly, in case of each individual company, both the number of indicators in four perspectives, as well as the form indicators, can be modified and adjusted to individual specification of each company.
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Analysis of each of the 16 KPI indicators allows to analyse the state of selected, narrow area of company's activities, which is described by a given parameter. In turn, the analysis of four BSC perspectives allows upper management a quick and comprehensive analysis of both the current situation of the company as well as determination if the development of the company tends towards the right direction. Data presented in Table 5 have been obtained through the integration of BSC (with 16 exemplary KPI parameters and 4 constant BSC perspectives) and DEMATEL methodologies. The process of connecting these two methodologies has been started by the initial direct influence matrix Z. Table 1 Scorecard perspectives and adopted KPI criteria Perspectives Indicators (F) Financial (F1) Clients profitability factor (F2) Cost of medium order service (F3) Goods profitability factor (F4) Cash flow and company accounting profit (P) Processes (P1) Indicators of goods' circulation in warehouse in correlation with needs for goods generated by customers (P2) Awaiting time for realization of particular production stages (P3) The value of deviation from confirmed prices and delivery deadlines 
THE IMPLEMENTATION OF BALANCED SCORECARD AND DEMATEL METHOD TO ASSESS KPI PARAMETERS
In order to apply the integration of BSC and DEMATEL methodologies in practice, a group of experts from TSL industry with applicable knowledge and experience in the subject of analysis has been selected. For the purpose of this article, a group of 20 companies from a group of leading enterprises in the TSL industry has been selected, based on industry rankings. Next, data entry sheets with 16 KPI parameters presented in Table 1 have been forwarded to the companies. The parameters were divided into 4 BSC perspectives. Experts have been asked to determine for each criterion, its influence on each of the remaining criteria individually. It has been assumed that each criterion may directly influence other criteria, but it cannot influence itself. A scale of 0-4 has been adopted, where 0 means no influence, and 4 means extremely high influence. It has been assumed that each of the criteria may directly influence other criteria, but it cannot influence itself. Data entry sheets have been filled out by upper management only and departments dealing strictly with TSL subject matter. Nineteen completed data entry forms have been received from 12 companies. Based on received answers, 19 (nineteen) initial direct influence matrices have been created. Superposition of these matrices leads in effect to the calculation of the final form of initial direct influence matrix Z, according to the equation (1) . This matrix represents a medium value of opinions of all experts (Tab. 2).
According to the equation (2), the normalized direct influence matrix X has been calculated (Tab. 3).
DEMATEL method in ERP systems for TSL branch 31. Table 2 The initial direct influence matrix Z Z  F1  F2  F3  F4  P1  P2  P3  P4  C1  C2  C3  C4  G1  G2  G3  G4 Table 3 The normalized direct influence matrix X Next, based on equation (4) the matrix of total relations T has been determined ( Table 4 ). The matrix of total relations T can be viewed as a T B submatrix based on Balanced Scorecard perspectives and T K submatrix based on KPI criteria. Table 5 
presents T B and T K matrices and respective position and relations indicators.
Next, based on Tab. 5, a causal diagram can be created in R i +D i and R i -D i layout for four Balanced Scorecard perspectives in TSL branch (Fig. 1) .
In Fig. 2 , casual diagrams for sixteen examined Balanced Scorecard KPI criteria in TSL branch have been presented.
The analysis performed in this article will result in obtaining answers to two research problems. First, is the F Financial perspective strictly related to other BSC perspectives for companies from TSL industry? Second, which of the KPI parameters of the F (financial perspective) are most important to the company? The analysis of R i -D i relation indicator and R i +D i position indicator can be performed 32 W. Torbacki on two levels, global and local. Globally, the maximum and minimum values of these indicators among the four BSC perspectives (Fig. 1 ) or among 16 KPI parameters (Fig. 2) are analysed. Global analysis allows to answer the first of the two above questions. Local analysis is based on examining the relation and position of KPI parameters within the scope of single BSC perspective (Fig. 2) . This level of analysis will allow to reach the answer to the second of the above two questions. Table 4 The matrix of total relations T Table 5 The T B i T K submatrices and position and relations indicators When performing global analysis ( Fig. 1) , one can see that R i -D i relation indicator for the financial perspective has the highest value among all BSC perspectives. It means that this perspective has a predominant causative influence on remaining perspectives, and therefore, it is most important of them. From another side, however, it has the lowest R i +D i position indicator. This points to the weakest relation of the financial perspective with other perspectives and means, that the financial perspective does not play a significant role in the network of interrelations. It is the answer to the first question formed at the beginning of the analysis. For upper management, it carries the information that DEMATEL method in ERP systems for TSL branch 33.
for the good of the company, they should pay close attention and care about correct values of KPI parameters within the scope of financial perspective; on the other hand, any disturbance in the other perspectives should not have a significant influence on the areas covered by the influence of the financial perspective. Global analysis also points out that the P (processes perspective) (in Fig. 1 ) has the highest R i +D i position indicator value which means, that it is related in the strongest way with other perspectives, taking a central place in the web of mutual relations. Moreover, in Fig. 2 , the highest indicator value of position is assigned to P4 criterion -indicators allowing for draw up of logistic limits, thereby taking the central position in the web of mutual relations with other criteria. The lowest position indicator value is attained by C1 criteria -number and value of lost orders analysed in a time periods and customer groups. In turn, P (processes perspective), having the highest negative value of the relation indicator, is in to the highest degree recipient of the influence extended by other perspectives (Fig. 1) . The awaiting time for realization of particular production stages -P2 criteria, with the highest negative value of R i -D i , is among criteria with the largest recipient of influences from other parameters, and it has the lowest priority in the group of 16 adopted criteria for the TSL companies (Fig. 2) .
When searching for the answer to the second of the two questions formed at the beginning, it must be determined which of the F1-F4 parameters has a predominant position within the scope of the financial perspective (Fig. 2) . It is assumed that the importance of the parameter, its priority among others, is described by the R i -D i relation indicator. From among F1-F4 indicators, it is the F2 parametercost of medium order servicewhich has the highest value of relation indicator, and therefore for the companies, it is the most important parameter within the scope of the financial perspective.
BSC methodology shows cause-effect relations between four perspectives, which influence each other and ultimately are connected with the financial perspective of the company. In effect, improvement of results in any of the four perspectives can in the end facilitate achieving the increase in economic results for the company. ERP class systems with BI (Business Intelligence) modules fulfill the support function for the upper management of TSL companies, when making strategic decisions. From this perspective, it is very important to correctly select and monitor KPI parameters in ERP class systems. Moreover, a cyclical process of KPI usefulness verification should be set up, and their constant adjustment to current objectives of the company should be performed. KPI parameters monitored in BI modules should be fed by real data from relevant modules of an integrated ERP system. DEMATEL methodology allows companies to establish which of the KPI parameters and BSC perspectives monitored in the ERP system are most decisive. Concentrating the focus of upper management on these areas simplifies forecasting, definition of business strategies as well as planning actions and analysis of their effect in companies from TSL industry.
CONCLUSIONS
Companies from the TSL branch, which in their strategy of building competitive advantage, support themselves with modern information systems, should implement KPI indicators. They are useful in both the evaluation of current operations, as well as in setting future strategies. KPI indicators coupled with real data from the ERP systems support the managerial staff in making strategic decisions.
The article presents the analysis of a set of KPI criteria dedicated for the TSL branch. After determining, in each of the four perspectives of the Balanced Scorecard method, 4 most important criteria, a set of 16 KPI indicators is obtained. Next, with the use of DEMATEL methodology, the matrix of interdependent influences is determined for all criteria pairs. Finally, a matrix of total influence T is created and indicators of position and relation are determined for 4 Balanced Scorecard perspectives, as well as for 16 KPI parameters. Following, both Balanced Scorecard perspectives as well as criteria within these perspectives have been determined, having the highest and least overall and net influence.
It is worth mentioning that in the practical application of DEMATEL methodology, a key role in the assessment of credibility of research results is the appropriate selection of the group of experts. The process of their qualification for the research could be an independent academic study. Among problems which should be resolved in this area is, for example, the selection of experts' assessment criteria and their remarks, the layout of the requirements' list, comparison of often non-measurable professional profiles, as well as minimizing the subjective view when assessing the person. The suggestion on how to resolve the problem of experts' selection will be provided in the subsequent, prepared publications of the author. DEMATEL method in ERP systems for TSL branch
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Another research problem is related to the subject matter of selecting appropriate experts. DEMATEL methodology performs well in the identification and analysis of cause-effect relations which commonly occur in companies. The requirement for the usefulness of that analysis is the correct determination by each one of the experts, of the initial direct influence matrix Z. However, in order to also support upper management in the process of decision making while under uncertain conditions and minimize assessment mistakes made by experts, it is necessary to expand the DEMATEL methodology with elements of fuzzy logic. This subject matter will also be described in subsequent, planned publications of the author.
